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Objective: To evaluate the risk-adjusted perioperative outcome of colorectal cancer surgery, applying the
Colorectal Physiological and Operative Severity Score for the enumeration of Mortality and morbidity
(CR-POSSUM).
Methods: A retrospective chart review of patients who underwent colorectal cancer surgery from 2004 to
2007 was done. Data including demographics and physiological data for CR-POSSUM were recorded.
Predicted mortality was calculated; validation of CR-POSSUM was done using Hosmer–Lemeshow
goodness-of-ﬁt and Receiver Operating Characteristic (ROC) Curve analyses.
Results: 232 patients were studied. The overall mean CR-POSSUM score was 18.3 3.8 (SD). Predicted
mortality was 7.7%, observed mortality was 6.9% and the standardized mortality ratio was 0.9. 34.4% of
patients presented with Duke’s Stage C or D and had a higher risk of mortality (Odds Ratio (OR) 3.1, 95%
Conﬁdence Intervals (CI) 1.1, 9.1). Emergency surgery was associated with a higher risk of mortality (OR
4.7, 95% CI 1.5, 14.1). CR-POSSUM calibrated well (Hosmer–Lemeshow Chi-square value 4.3; df: 8;
p¼ 0.82) and fairly discriminated outcome as shown by the area under the ROC Curve 0.69, (Standard
Error: 0.07).
Conclusions: Perioperative outcome of colorectal surgery in Trinidad and Tobago is comparable to the
developed countries as evaluated by the CR-POSSUM. Patients presenting for emergency surgery and
those with advanced stages of cancer had higher perioperative mortality.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Colorectal cancer is the third most common cancer worldwide,
accounting for about 655,000 deaths in 2006 with approximately
40% occurring in developing nations.1 In 2002, colorectal cancer
accounted for 8.9% of all cancers occurring in Trinidad and Tobago,
the reported incidence being 18.7/100,000 and 12.8/100,000 in
males and females respectively.2,3 Colorectal cancer is attributable
for the third highest cancer-related mortality in Trinidad, causing
8.5% of all cancer-related deaths, in comparison to the world
mortality rate of 7.9%.2–4
Several risk factors have been implicated in the aetiology of
colorectal cancer. These factors include a diet containing a low
content of vegetable ﬁbre, high intake of reﬁned carbohydrates,
high fat intake, high meat intake and decreased intake of micro-
nutrients, particularly vitamins A, C and E.5,6 In Trinidad, majority ofiharan).
ciates Ltd. Published by Elsevier Ltthe population consume the so-called ‘western’ type of diet.
Another major risk factor is age, with fewer than 20% of cases
occurring in persons aged 50 or younger.6 In Trinidad, about 90% of
new cases in males and 84% in females occurred in patients who
were 50 years and older.2,3
Surgery, chemotherapy, radiotherapy, and symptomatic
palliation are the accepted forms of treatment depending on the
stage of cancer, which is based on the extent of tumour inva-
sion, nodes involvement and the presence of metastasis.7 The
operative risk for colorectal cancer surgery is moderate to high
depending on many factors. In the United Kingdom, this risk
was reported to be 7.5%.8 51.8% of men and 70.6% of women
diagnosed with colorectal cancer in Trinidad undergo surgical
treatment.2,3 To our knowledge, there is no report from the
Caribbean region evaluating the risk-adjusted mortality of
colorectal cancer surgery patients.
The Physiological and Operative Severity Score for the
enUmeration of Mortality and morbidity (POSSUM) is a risk-
adjustment model developed by Copeland et al in 1991 and was
widely applied in surgical patients.9 A reﬁnement of this model,d. All rights reserved.
Table 1
Demographic data.
Hospital Age
(Median,
IQR)
Gender
(Males)
(%)
Ethnicity
African
(%)
Indian
(%)
Others
(%)
Public
Hospitals
(n¼ 164)
58 (49, 69) 64.5 50.0 45.5 4.5
Private
Hospitals
(n¼ 68)
57 (46.5, 71) 53.4 63.8 19.2 17.0
Overall
(n¼ 232)
60 (49, 71) 50.4 47.9 34.7 17.4
IQR: inter-quartile range.
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better than POSSUM in predicting the perioperative outcome of
surgical patients.10 Another version of this model speciﬁc to
colorectal cancer surgery patients was developed by Tekkis et al
in 2004, and was designated as the CR-POSSUM.11 CR-POSSUM
excludes several physiological factors of the original POSSUM,
while still predicting morbidity and mortality with relative
precision.12 In colorectal cases, CR-POSSUM has been found to
be a better predictor of surgical outcome compared to
P-POSSUM.13,14
With this background, the objective of the present study was to
determine the risk-adjusted outcome of colorectal cancer patients
undergoing surgery, applying the CR-POSSUM scoring system and
validate this model in Trinidad.2. Methods
The study is a retrospective chart review of patients who
underwent surgery for colorectal cancer during the time period
2004–2007, in three public hospitals and two private hospitals in
Trinidad. Approval was obtained from the University Ethics
Committee and the Hospital Authorities of all the hospitals prior to
the study. In Trinidad, most surgeons provide service in both public
and private sectors and hence the surgical care is likely to be very
similar between the two sectors.
Colorectal cancer patients who did not undergo surgery, chil-
dren (i.e. <18 years) and patients whose case records contained
insufﬁcient data were excluded from the study.Fig. 1. Types of colorectal cancer surgeries. Others: Abdomino-perineal resection, sub-
total colectomy, transverse colectomy and debulking laparotomy.2.1. Data collection
An initial list of all patients who underwent surgery for colo-
rectal cancer was compiled from surgical logbooks. Using this list,
patients’ case records were retrieved from the Medical Records
Department of each hospital. Data were recorded using a coded
numbering system to maintain patient conﬁdentiality.
Emergency surgerywas deﬁned as surgerywithin 24 h following
hospitalization, urgent surgery was one which was undertaken
within 72 h of hospitalizationwithout having to wait for an elective
surgical list.
Demographic data recorded included age, ethnicity and gender.
The following data were recorded for the CR-POSSUM scoring
system:
1. Physiological parameters: age, pre-existing cardiac failure,
systolic BP, pulse, haemoglobin, and serum urea nitrogen
2. Operative parameters: operative severity, peritoneal soiling,
cancer stage, mode of surgery and observed 30-day mortality.
CR-POSSUM score was derived from these data and predicted
mortality was calculated using the logistic regression equation
provided with the model. Predicted mortality was then compared
with the observedmortality. The standardizedmortality ratio (SMR),
which is the ratio of the observed to predictedmortality,was derived.
Data were analysed using Statistical Package for Social Sciences
(SPSS)-Version 12 (Chicago IL, USA) software. Descriptive analyses of
the data were done. Central tendencies and the distribution of data
were expressed as either Mean and Standard Deviation (SD) or
Median and Inter-quartile ranges (IQR). The Mann–Whitney U test
was used to compare the different variables between survivors and
non-survivors. Chi-square analysis and Mantel–Haenszel Odds Ratio
were used to analyse the factors associated with an adverse peri-
operative outcome. Calibration of the CR-POSSUM model was done
using Hosmer–Lemeshow goodness-of-ﬁt analysis, and discriminant
analysis was done applying Receiver Operating Characteristic (ROC)
curve. The statistical signiﬁcance was ﬁxed at the level of p< 0.05.
3. Results
A total of 362 patients, who had histologically conﬁrmed cancer,
underwent surgical treatment in three major public and two
private hospitals in Trinidad, during the period 2004–2007. Of
these patients, 130 (34%) had incomplete records and were
excluded; 232 patients were ﬁnally enrolled into the study.
Table 1 depicts the details of the demographic data of the
patients. Gender distribution was comparable. The Duke’s stage of
tumour prior to surgery varied from stage A to D. 65.6% of the
patients presented with cancer stages A and B, 23.7% with stage C
and 10.7% of patients presented with stage D. 2% of patients
underwent laparoscopic colectomy. Fig. 1 shows the percentages of
patients who underwent different types of surgery.
The length of stay of patients ranged from 1 to 26 days. The
length of stay of patients admitted to private hospitals was shorter
[Mean Standard Deviation (SD): 7.4 3.5 days] than that of the
public hospitals (Mean SD: 12.3 8.4 days) (p< 0.001 by Mann–
Whitney U test)
The mean physiological score of the CR-POSSUM was 9.9 2.9
(SD), and the mean operative score was 8.4 2.4 (SD), and the
overall mean CR-POSSUM score was 18.3 3.8 (SD). The overall
observed mortality rate was 6.9% and the mean predicted mortality
ratewas calculated at 7.7%. The overall StandardizedMortality Ratio
(SMR) was 0.9. Table 2 depicts the denominations of the types of
surgery, observed and predicted mortality and the SMR for the
public and private hospitals studied. There was no statistically
Table 2
Types of surgery and perioperative outcome.
Hospital Type of surgery Predicted
mortality
(%)
Observed
mortality
(%)
Standardized
Mortality
Ratio
Elective
(%)
Urgent
(%)
Emergency
(%)
Public
Hospitals
(n¼ 164)
85.6 5.0 9.4 7.7 6.6 0.86
Private
Hospitals
(n¼ 68)
84.9 2.7 12.4 6.2 5.4 0.87
Overall
(n¼ 232)
85.7 3.9 10.4 7.7 6.9 0.90
Fig. 2. Receiver Operating Characteristic (ROC) Curve for CR-POSSUM.
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respect to age of the patients, CR-POSSUM score, predicted
mortality and SMR.
Table 3 shows the comparison of different variables such as age,
physiological score and operative score of CR-POSSUM, overall
CR-POSSUM score, hospital length of stay, observed and the pre-
dicted mortality rate between the survivors and non-survivors.
A Mann–Whitney U test showed statistically signiﬁcant differences
in the CR-POSSUM score and the predicted mortality between the
survivors and non-survivors.
Chi-square analysis was done to compare the outcome of
patients with respect to peritoneal soiling, Duke’s stage of cancer
and mode of surgery. There was a signiﬁcantly higher mortality in
patients who underwent urgent and emergency surgery compared
to elective surgery (p¼ 0.01). Similarly, there was a signiﬁcantly
higher mortality in patients who presented with the Duke’s Stage C
and D compared to A and B (p¼ 0.03). However, ‘peritoneal soiling’
as a factor, did not show a statistically signiﬁcant difference with
respect to mortality (p¼ 0.07). The Mantel–Haenszel odds ratio for
perioperative mortality in patients who had emergency surgery
was 4.7, (95% CI: 1.5, 14.1) compared to elective surgery. Odds ratio
for patients who presented with Duke’s stage C and D was 3.1, (95%
CI: 1.1, 9.1) compared to stages A and B.
Hosmer–Lemeshow goodness-of-ﬁt analysis was done to cali-
brate the model. This showed a good calibration (H–L Chi-square
value was 4.3; df: 8; p¼ 0.82). A Receiver Operating Characteristic
(ROC) curve analysis was done to determine the discriminating
ability of the CR-POSSUM score for the present case-mix. The area
under the curve (AUC) for the ROC curve was 0.69, (standard error
0.07; 95% CI: 0.54, 0.83). Fig. 2 depicts the ROC curve for the study.
Table 4 depicts the comparison of the SMR and area under the ROC
curves of the present study with published reports from other
geographical locations.
4. Discussion
The major ﬁnding of the present study is the good perioperative
outcome of colorectal cancer surgery in Trinidad when evaluated
using the CR-POSSUM model.Table 3
Comparison between survivors and non-survivors.
Variable (Mean SD) Overall Survivors Non-survivors Signiﬁcance
Age (years) 60.2 14.7 60.4 14.6 56.6 16.4 p¼ 0.3
Length of stay (days) 10.9 7.7 10.4 6.7 17.1 14.3 p¼ 0.11
Physiological score 9.9 2.9 9.8 2.9 11.3 3.6 p¼ 0.09
Operative score 8.4 2.4 8.2 2.2 10.3 3.6 p¼ 0.01a
CR-POSSUM score 18.3 3.8 18.1 3.7 21.1 4.7 p¼ 0.01a
Predicted mortality (%) 7.7 12.2 7.1 11.5 15.9 17.7 p¼ 0.02a
a Statistically signiﬁcant by Mann–Whitney U test.Patients undergoing colorectal cancer surgery in Trinidad were
comparatively younger than patients in other countries. In Hong
Kong and England, the median ages of patients were 67.8 years and
70.5 years respectively, in comparison to the median age of those in
the present study, which was 60.2 years.15,16
In our study, 34.4% of patients presented with a Duke C or D
stage of colorectal cancer, compared to 43.1% reported by Tekkis et
al in the UK.8 In another report from Thailand, 68.8% of patients
presented with Duke C or D stage of cancer, which is twice that of
the present study.17
Tekkis et al reported a mortality of 19.3% for patients who
underwent emergency surgery and 5.6% in elective surgery.8 In the
present study, the mortality was 12.5% in emergency surgery, 33.3%
in urgent surgery and 4.5% in elective surgery.
The SMR was 0.9 in the present study, which may mean that the
overall risk-adjusted perioperative outcome of colorectal surgery in
Trinidad is well within the acceptable limits. However, this may also
imply that CR-POSSUM could have slightly overestimated the
mortality. Previous studies utilizing the CR-POSSUM have arrived at
SMRs, similar to the present study (Table 4). In a study conducted in
Ohio,UnitedStates, theSMRwas0.46.18 TheSMRswere reportedtobe
0.75and1.25 in studies conducted in theUnitedKingdom.16,19A study
from Croatia, another developing country, reported an SMR of 1.11.20
The SMR is a well recognized and valid measure for comparing
the mortality between different centres, although it may vary
between regions according to the case-mix as well as the care
offered. If assessed by the SMR, colorectal surgical care in Trinidad
is comparable to most developed countries, and is better than one
study from the UK and another from Croatia.19,20
Additionally in the present study, the SMR was similar in the
private and public hospitals (Table 2) with comparable mean
CR-POSSUM scores (18.2 and 18.3). Although this may be inter-
preted as a similarity in the surgical care provided in the private
and public hospitals, the smaller number of patients in private
hospitals may limit arriving at such conclusion.
Calibration of a prognostic model is done by verifying the
congruence between the predicted and observed outcomes in
a given set of patients. This is usually done by Hosmer–Lemeshow
goodness-of-ﬁt test, which compares the predicted and observed
Table 4
Comparison of standardized mortality ratios (SMR) and areas under the receiver
operating curves (AUC) for CR-POSSUM.
Study, year and country of origin SMR AUC
Tekkis et al, 2004; United Kingdom 1.00 0.89
Senagore et al, 2006; United States 0.47 –
Vather et al, 2006; New Zealand – 0.73
Ramkumar et al, 2006; United Kingdom 0.75 0.78
Tez et al, 2006; Turkey 1.50 0.68
Bromage & Cunliffe, 2007; United Kingdom 1.25 0.74
Horzic et al, 2007; Croatia 1.11 0.59
Ferjani et al, 2007; United Kingdom 1.06 0.69
Oomen et al, 2007; Netherlands 0.93 –
Ren et al, 2009; China 0.21 –
Valenti et al, 2009; Spain 0.34 –
Present study; Trinidad & Tobago 0.90 0.69
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there is no statistically signiﬁcant difference between predicted and
observed outcomes (p> 0.05), this implies that themodel calibrates
well. Discriminant analysis of a model determines its ability to
categorize patients into two outcome groups such as survivors and
non-survivors. Receiver Operating Characteristic curve analysis is
a widely applied methodology to determine the discriminatory
ability of a prognostic scoring system. The area under the curve
(closer to 1)will indicate the robustness of the discriminating ability
of the model.
In thepresent study,Hosmer–Lemeshowanalysis showed that the
model calibrated well for the case-mix in Trinidad (p¼ 0.82, df: 8).
The area under the ROC curve (AUC, 0.69) suggests that the CR-
POSSUM system is a fair discriminator of outcome in our case-mix.
TheAUC in thepresent study is similar to a study fromUKandanother
from Turkey, but better than that of the Croatia study (0.59).19–21
Although a study fromNewZealand had a higher AUC (0.73) than the
present study, the authors reported that the CR-POSSUM was rela-
tively a poor predictor, because the AUC for CR-POSSUM was lesser
than those for POSSUM and p-POSSUM in the same case-mix.22 This
ﬁndingmay suggest that postoperative mortality can be additionally
affected by non-surgical factors such as socio-economic status etc.
It is also possible that CR-POSSUM may overpredict mortality
when applied in different settings. A study from Netherlands
reported that POSSUM overpredicted mortality when compared to
CR-POSSUM.23 However, two recent studies, one from China and
another from Spain have shown that CR-POSSUM could have over-
predicted mortality in these countries.24,25
Similar to most other studies, one of the major ﬁndings of the
present study is the higher mortality in patients who presentedwith
advanced cancer stages. Furthermore, the risk of mortality for
patients presenting for emergency surgerywas also higher. This may
suggest that primary prevention measures and patient education
should be implemented in our country to detect the occurrence of
colorectal cancer much earlier in patients.
There are some limitations to the present study. The most
important one is the retrospective design of the study, limiting data
availability from charts of the patients who underwent colorectal
surgery during the study period. However, we could get enough
patients according to the sample size calculated prior to the study.
Due to the same reason, the sample size was smaller in private
hospitals which may limit comparison. Additionally, only 30-day
mortality was recorded and long-term outcome was not studied.
However, CR-POSSUM was originally developed to evaluate in-
hospital operative mortality.
Nevertheless, in conclusion, the present study could reasonably
validate the CR-POSSUM model and evaluate the perioperative
outcome of colorectal cancer patients in Trinidad and Tobago. The
overall outcome was comparable to the developed world. Patientsundergoing colorectal cancer surgery were relatively younger in
Trinidad and Tobago. Patients presenting with advanced stages of
cancer and those who had emergency surgery had a higher
mortality than those with early stages and presenting for elective
surgery.
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